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PROCESS 

This invention relates to a process for the 
production of esters, more particularly to a process 
for the production of a primary C2+ alkyl ester of 
an alkyl carboxylic acid from a primary C2+ 
alkanol. 

Esters , such as ethyl acetate, are relatively 
expensive bulk chemicals. Typically they are produced 
by esterif ication of the carboxylic acid with the 
corresponding alcohol, e.g.: 

CH3.CO.OH + CH 3 .CH 2 .OH = CH3.CO.O.CH2 .CH 3 + H 2 0. 
In some cases the Tischenko condensation reaction can 
be used. For example ethyl acetate can be produced 
from acetaldehyde: 

2 CH3.CHO = CH 3 .CO.O.CH 2 .CH 3 . 

Sometimes esters are by-products of other reactions. 
Thus some ethyl acetate is produced as a by-product in 
the liquid phase oxidation of n-butane. 

Ethanol may be available in large quantity, 
either as a product of hydration of ethylene or, in 
certain countries, as a fermentation product. Acetic 
acid is typically produced by oxidation of n-butane or 
other hydrocarbons, such as naphtha- The production 
of acetic acid by the carbonylation of methanol using 
cobalt, or more recently rhodium, catalysts has also 
had wide industrial application. In certain 
circumstances ethanol may be available in excess 
capacity, whilst acetic acid is not available. 

The production of esters directly from primary 
alcohols has been described on various occasions xn 
the literature. For example, dehydrogenation of 
methanol over Cu-Zr-Zn catalysts at temperatures of 
100 to 400 °C to yield methyl formate has been 
described in Belgian Patent Specification No. 879915 
(see also Chemical Abstacts, Vol 93 (1980), No. 
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204080f at pag 635). In this proc be th Cu-Zr-Zn 
ratio is ltO. 01-2. 0:0. 01-2. 

French Patent Specification No. 1000505 (see 
Chemical Abstracts, Vol 51 (1957), 3061b) describes 
passage of methanol vapour over an Al-Cu catalyst at 
180 to 250°C to form methyl formate by 
dehydrogenation . 

Catalytic dehydrogenation of alcohols with 
reduced copper under ultraviolet light was described 
L0 by S. Nakamura et al, in Bulletin of the Chemical 

Society of Japan, Vol. 44, pages 1072 to 1078 (1971). 

K. Takeshita et al described reduced copper 
catalysed conversion of primary alcohols into esters 
and ketones in Bulletin of the Chemical Society of 
15 Japan, Vol 51(9), pages 2622 to 2627 (1978). These 

authors mention that the mechanism for ester formation 
has been described in the literature as the Tischenko 
reaction- 

None of these prior disclosures has resulted 
20 in adoption of the dehydrogenation of an alkanol as a 
commercial method of producing esters. 

It would accordingly be desirable to find a 
commercially viable method of upgrading ethanol to a 
more valuable product, particularly where there is an 
25 overcapacity for ethanol. It would also be desirable 
to provide a novel route to ethyl acetate and other 
esters which obviates the need for expensive capital 
plant, such as a separate acetic acid plant. 

The present invention accordingly seeks to 
30 provide a novel process for production of C 2 + 

alkyl esters of alkyl carboxylic acids from C 2 + 
primary alcohols, enabling production of such esters 
at relatively low cost and involving simple plant. 

According to the present invention there is 
35 provided a process for the production of a primary 
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C 2 + alkyl ester of an alkyl carboxylic acid which 
compriB s contacting a vaporous mixture containing a 
c 2+ primary alkanol and hydrogen in an 
alkanol thydrogen molar ratio of from about 1:10 to 
about 1000:1 at a combined partial pressure of alkanol 
and hydrogen of from about 0.1 bar up to -about 40 bar 
and at a temperature in the range of from about 180 °C 
to about 300°C xn a catalytic reaction zone with a 
catalyst consisting essentially of a reduced mixture 
of copper oxide and zinc oxide, and recovering a 
reaction product mixture containing a primary C 2+ 
alkyl ester of an alkyl carboxylic acid, which ester 
contains twice as many carbon atoms as the primary 
C 2+ alkanol. 

Preferably the primary C 2+ alkanol 
contains from 2 to about 8 carbon atoms. In a 
particularly preferred process the primary C 2+ 
alkanol is ethanol and the ester is ethyl acetate. 
Other primary C 2+ alkanols which can be mentioned ; 
include n-propanol, n-butanol, n-pentanol, n-hexanJl, 
and 2-ethylhexanol ; these yield respectively n-propyl 
propionate, n-butyl butyrate, n-pentyl valerate, 
n-hexyl caproate, and 2-ethylhexyl 2-ethylhexanoate . 

The vaporous mixture supplied to the catalytic 
reaction zone contains, in addition to the primary 
C 2+ alkanol (e.g. ethanol), hydrogen either alone 
or in admixture with other gases (desirably gases 
inert to the ester and the catalyst). Examples of 
such other gases include inert gases such as nitrogen, 
methane, and argon. The vaporous mixture may further 
comprise a minor amount, for example from about 0.1 
mole up to about 10 moles or more, per 100 moles of 
primary C 2+ alkanol, of the corresponding 
alkanal. it may also include a minor amount of 
35 r cycled ester product. 
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Th process of the present invention is 
conducted at a t rap ratur of b tw n about 180'C and 
about 300 *C, preferably at a temperature of at least 
about 200*C. Typxcally, the temperature as between 
about 240 °C and about 280* C. 

The combined partial pressure of "primary 
C 2+ alkanol and hydrogen lies in the range of from 
about O.l bar to about 40 bar, preferably in the range 
of from about 1 bar up to about 35 bar. The primary 
C 2+ alkanol shydrogen ratio in the vaporous mixture 
fed into contact with the catalyst may be from about 
1:10 to about 1000:1. Usually it will not exceed 
about 400:1 or about 500:1 and may be no more than 
about 120:1. The total pressure (i.e. the sum of the 
partial pressure of hydrogen, primary C 2 + alkanol, 
ester, inert gas (if any) and any by-products) 
preferably does not exceed about 100 bar and even more 
preferably does not exceed about 50 bar. 

Although we do not wish to be bound by the 
accuracy or otherwise of the following theoretical 
explanation, xt would appear from our experimental 
work that the reaction proceeds in two steps. The 
first step involves dehydrogenation of the primary 
C 2+ alkanol to yield the corresponding alkanal 
which then can react in a second step with further 
alkanal or with primary C 2+ alkanol to form the 
ester and release hydrogen. For example, when 
treating ethanol by the process of the invention, we 
think that the reactions involved are: 
) i CH 3 .CH 2 .OH = CH3.CHO + H 2 

2 (a) CH 3 .CH 2 .OH + CH 3 .CHO = CH3 .CO.O.CH 2 .CH 3 + H 2 

or: 

(b) 2 CH 3 .CHO = CH 3 .CO.O.CH 2 .CH 3 . 
This can be summarised as the following overall 
5 reaction: 
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2 CH 3 .CH 2 .OH « CH3.CO.O.CH2.CH3 + 2H 2 . 

In th coure of our experiments we have found 
that the product mixture often contains amounts of the 
alkanal corresponding to the starting primary C 2 + 
alkanol. As this alkanal is postulated to be an 
intermediate in the process of the invention it can be 
ignored in calculating the overall selectivity of 
conversion of the primary C 2 + alkanol to product 
ester. 

Besides the alkanal the product mixture may 
include small amounts of other by-products, including 
higher alcohols, ketones, carbon oxides, methane and 
other alkanes. For example, when treating ethanol by 
the process of the invention, we have identified in 
the product mixture traces of the following minor 
by-products s iso-propanol, diethyl ether, methyl ethyl 
ketone, n-butanol, acetone, carbon monoxide, carbon 
dioxide, methane and ethane. 

The catalyst is a mixed metal oxide catalyst 
that consists essentially of a reduced mixture of 
copper oxide and zinc oxide. By the term "consists 
essentially of" we mean that the catalyst includes as 
essential ingredients in the mixture before reduction 
copper oxide and zinc oxide, but may also include 
amounts of other metal oxides that do not materially 
alter .-the basic characteristics of the catalyst as 
well as inert fillers or supports, such as carbon. 
Such characteristics include the ability to catalyse 
production from C 2+ alkanols of C 2+ alkyl 
esters of alkyl carboxylic acids, in the presence of 
hydrogen at moderate temperatures, for example in the 
range of from about 180°C to about 300 °C, and low 
total pressures, for example m the range of from 
about 5 bar to about 100 bar, with high selectivity to 
the desired esters, typically m excess of 90% (if an y 
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alkanal form d is disregarded), and wxth a mark d 
absenc of signxficant amounts of other by-products, 
typically less than 10% in total of by-products. 

The catalyst may be derived from a mixture 
which contains only copper oxide and zinc oxide. 
Alternatively it may include one or more' other 
materials, such as an inert support or other material 
that is effectively catalytically inactive in the 
ester formation reaction. 

Hence the catalyst may be derived from a 
mixture of CuO and ZnO, which before reduction 
contains from about 5 to about 95% by weight, 
preferably from about 20 to about 85% by weight, and 
typically from about 25 to about 70% by weight, of CuO 
and from about 95 to about 5% by weight, preferably 
from about 80 to about 15% by weight, and typically 
from about 75 to about 30% by weight, of ZnO. Hence 
the mixture may contain, for example, from about 20 to 
about 40% by weight of CuO and from about 60 to about 
80% by weight of ZnO- A preferred mixture, for 
example contains from about 30 to about 36% by weight 
of CuO and from about 62 to about 68% by weight of 
ZnO. Other particularly preferred mixtures contain 
from about 65 to about 85% by weight of CuO and from 
about*. 35 to about 15% by weight of ZnO, for example 
mixtures containing from about 60 to about 75% (e*g. 
about 68 to about 75%) by weight of CuO and from about 
40 to about 25% (e.g. about 32 to about 25%) by weight 
of ZnO. 

As already mentioned the catalyst may 
contain minor amounts of at least one carrier material 
such as carbon, titanium oxide, zirconium oxide, 
manganese dioxide, silica, diatomaceous earth, 
kieselguhr, or aluminium oxide. Such other materials 


0151886 


do not usually comprise in total more than about 20% 
by weight of the catalyst. The presenc of minor 
amounts of other materials can be tolerated in the 
mixture from which the catalyst is derived, provided 
that these do not significantly affect the catalyst 
performance. For example, it is known that basic 
oxides such as magnesium oxide or barium oxide tend to 
promote alcohol condensation and dehydration 
reactions. Hence incorporation of excessive 
quantities of alkaline oxides in the mixture to be 
reduced will tend to promote "heavies" formation and 
to produce one or more alkenes as by-products. For 
example, in the production of ethyl acetate from 
ethanol, inclusion of increasing amounts of basic 
oxides in the mixture from which the catalyst is 
derived will tend to produce increasing amounts of 
n-butanol and ethylene, particularly at the higher end 
of the temperature range. For this reason, in the 
case of sodium it is best not to exceed about 0.5% by 
weight, calculated as oxide. For other less basic 
oxides, such as magnesium oxide or barium oxide, 
higher amounts may be tolerated in the oxide mixture, 
for example up to about 5% by weight or more. 
Preferably, however, the total content of basic oxides 
is no more than about 1% by weight of the catalyst. 

Other preferred catalysts include mixtures 
containing from about 40 to about 50 weight percent 
each of CuO and ZnO and from 0 to about 20 weight 
percent, typically from about 5 to about 20 weight 
percent, of alumina. Hence preferred catalysts of 
this type comprise from about 40 to about 47.5 weight 
percent each of ZnO and CuO and from about 5 to about 
20 weight percent of alumina. 

The catalyst is, however, preferably 
essentially free from other metals, particularly from 
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metals of Group VIII of th Periodic Table, such as 
Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, and Pt, as w 11 as 
from Group VIB metals such as Cr, Mo, and W, from the 
metals Ag, Re, Au and Cd, and also from elements of 
atomic number 80 and above, e.g. Hg and Pb. By the 
term "essentially free" we mean that the catalyst 
contains not more than about 0.1 wt% (i.e. not more 
than about 1000 ppm) , and preferably not more than 
about 250 ppm, of the element in question. Such 
metals include metals which, under the reaction 
conditions used in the process of the invention can 
cause side reactions or which lack catalytic activity 
or are catalyst poisons. 

The catalyst may be prepared by any of the 
methods known in the art of forming a composite of 
copper oxide and zinc oxide. The catalyst may be 
prepared by mixing the separate oxides, by 
coprecipitation of the oxalates, nitrates, carbonates, 
or acetates, followed by calcination. The 
) coprecipitation method is preferred. Generally, the 
mixture of CuO and ZnO is reduced by hydrogen or 
carbon monoxide as reducing gas, optionally in 
admixture with an inert gas such as nitrogen or argon, 
at a temperature in the range of between about 160 *C 
25 and about 250 "C for several hours, preferably for 8 to 
24 hours, prior to contact with the vaporous mixture 
containing primary C 2 + alkanol and hydrogen. If 
the catalyst is charged in a pre-reduced form the 
period required for reduction can be reduced 

30 accordingly. 

The mixture of CuO and ZnO is reduced prior 
to its use as catalyst. Hydrogen or CO, or mixtures 
thereof, are generally mixed with a diluent gas such 
as steam, nitrogen, or combustion gas, to maintain the 

35 catalyst bed temperature and to carry away the heat of 
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reduction. 

Reduction of th mixtur of CuO and ZnO is 
compl t wh n no mor hydrogen xb being reacted as 
shown by analysis of the inlet and outlet hydrogen. 
5 Complete reduction of the mixture occurs when the 
total amount of water produced in the reduction is 
equal to the stoichiometric value of water which 
should be produced when a given amount of copper oxide 
is reduced to copper. This value is about 0.079 kg of 
10 water per kg of catalyst for a mixture containing 35 
weight percent of CuO, 

An inert carrier material may be included in 
the CuO-ZnO catalyst composition. The catalyst is 
generally formed into pellets, tablets, or any other 
15 suitable shape prior to use, by conventional 
techniques . 

It is advantageous that the mixture of CuO 
and ZnO have an internal surface area of from about 25 
to about 50 sq.m per gram. The internal surface area 
20 may be determined by the well-known BET method. 

The process of the present invention is most 
conveniently carried out in a continuous manner, 
although semi-continuous or batch operations may also 
be employed. In the preferred method of continuous 
25 operation, a primary C 2+ alkanol, hydrogen, and, 
optionally, a carrier gas such as nitrogen or a 
mixture of nitrogen with methane and/or other inert 
gases, may be brought together and, under the desired 
pressure, contacted in the vaporous state with the 
30 catalyst. The reaction zone can be, for example, an 
elongated tubular reactor filled with the catalyst. 
Alternatively it can be an adiabatic reactor. The 
reaction is endothermic. Hence, if adiabatic 
operation is used, an appropriately high inlet 
temperature should be selected in order to avoid 


35 
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prematur quenching of th reaction due to the 
endothermic nature of the process • Several reactors 
m series can be us d. 

The reaction mixture from the catalytic 
reaction zone contains, besides hydrogen (and possibly 
also other gaseous components such as nitrogen, carbon 
oxides, methane and ethane), unreacted primary C2+ 
alkanol, ester and possibly also byproducts, such as 
the alkanal corresponding to the primary C2+ 
alkanol. The condensible components, including 
primary C2+ alkanol, C2+ alkanal and product 
ester, can be condensed and separated in any 
convenient manner, e.g. distillation in one or more 
stages under normal, elevated or reduced pressure. 
Unreacted primary C2+ alkanol can be recycled to 
the catalytic reaction zone, as can also gaseous 
components and any byproduct C2+ alkanal. In some 
cases the primary C2+ alkanol may form an 
azeotrope with the product ester. Such azeotropes can 
be separated from the bulk of the product ester as an 
overhead product by distillation under normal 
pressure, or under superatmospheric pressure if 
operation under superatmospheric pressure reduces the 
concentration of ester in the azeotrope. Any 
azeotrope thus separated can be used as fuel or 
recycled for admixture into the vaporous mixture to be 
contacted with the catalyst. In accordance with 
conventional practice purge streams can be taken in 
order to control the level of inerts and/or byproducts 
in the recycled streams* 

According to one preferred procedure the 
reaction product mixture is distilled at elevated 
pressure, for example at a pressure of from about 10 
bar to about 40 bar, to yield an overhead product 
stream comprising an azeotrope of the primary C2+ 
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alkanol and the product ester and a bottom product 
stream comprising predominantly said ester. 
Conveniently material of the overhead product stream 
is recycled for admixture with primary C 2 + alkanol 
feed. 

In an alternative preferred procedure the 
reaction product mixture is distilled in a plurality 
of stages, including a low pressure distillation stage 
at a pressure of not more than about 5 bar and a 
subsequent high pressure distillation stage at a 
pressure of from about 10 bar to about 40 bar, said 
low pressure distillation stage resulting in 
production of a bottom product which comprises 
predominantly primary C 2+ alkanol and an overhead 
product which is a first azeotrope of the primary 
C 2+ alkanol and a major molar amount of said 
ester, the first azeotrope being thereafter subjected 
to distillation in said high pressure distillation 
stage to produce a bottom product which comprises 
predominantly said ester and an overhead product which 
is a second azeotrope of a major molar amount of the 
primary C 2+ alkanol and said ester, said second 
azeotrope being conveniently recycled to said low 
pressure distillation stage. When the product ester 
and the primary C 2+ alkanol form an azeotrope the 
reaction product mixture can be distilled essentially 
at reaction pressure, prior to said low pressure 
distillation stage, to remove alkanal by-product as an 
overhead product. It will 'usually be preferred to 
recycle said alkanal by-product for admixture with 
fresh primary C 2+ alkanol feed. 

The ester product, e.g. ethyl acetate, can be 
used as such or can be reacted further. For example, 
the ester can be hydrolysed in conventional manner to 
liberate the alkyl carboxylic acid, e.g. acetic acid, 
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and release primary C2+ alkanol, .g. ethanol, for 
r cycle (if d sired) to the catalytic r action zon . 
If the process of the invention is combin d with 
hydrolysis in this way then the overall reaction 
5 becomes, for example: 

CH 3 .CH 2 OH + H2O = CH3.CO.OH + 2H 2 . 

The process of the invention can be used to 
advantage in the treatment of methyl acetate produced 
as a byproduct of polyvinyl alcohol. Polyvinyl 
10 alcohol is produced by polymerisation of vinyl 
acetate, followed by transesterif ication of the 
resulting polyvinyl acetate with methanol which yields 
polyvinyl alcohol and methyl acetate. This latter 
compound can be hydrolysed to yield methanol, which 
15 can be recycled by the plant operator, and acetic 

acid. The acetic acid is of little value to the plant 
operator and it is often scarcely worthwhile to return 
the acetic acid to the manufacturer of vinyl acetate. 
It would be desirable to provide a better 
2r. method of treating such byproduct methyl acetate. We 
can now propose a two stage treatment which yields, m 
addition to the methanol required by the operator of 
the polyvinyl alcohol plant for transesterif ication of 
polyvinyl acetate, a product with a higher intrinsic 
25 value than acetic acid, viz. ethyl acetate. According 
to this proposal the byproduct methyl acetate is 
subjected to hydrogen© lysis according to the teachings 
of International Patent Publication No. WO82/03854 to 
yield a mixture of methanol and ethanol, the former of 
30 which is recycled for further transesterif ication, 
whilst the ethanol is treated by the process of the 
invention to yield ethyl acetate. Both steps require 
the presence of hydrogen m the feed to the catalyst 
(although the production of ethyl acetate from ethanol 
35 results in net production of hydrogen) but the capital 
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coBt of the plant involved is in each case relatively 
modest. 

When operating continuously it is preferred to 
supply the primary C 2+ alkanol to the catalytic 
reaction zone at a liquid hourly space velocity of at 
least about 0.1 hr~l, preferably in the range of 
from about 0.2 hr" 1 to about 1 hr' 1 , e.g. 
about 0.5 hr" 1 . Usually the liquid hourly space 
velocity will not exceed about 5.0 hr" 1 . 

The invention is further described in the 
following Examples. 
Examples 1 to 3 

The apparatus is illustrated diagrammatically 
in Figure 1 of the accompanying drawings. This was 
constructed out of stainless steel and was immersed in 
a fluidised sand bath (not shown) for heating 
purposes . 

In operation a mixture of hydrogen and 
nitrogen was introduced by way of a pressure regulator 
and flow controller (not shown) through line 1 to the 
bottom end of a vaporiser 2 containing a number of 
steel balls 3. Ethanol was metered as a liquid to 
vaporiser 2 through line 4. The resulting vaporous 
mixture of ethanol, hydrogen and nitrogen was passed 
through preheating coil 5 to reactor 6. This 
contained a layer 7 of glass balls, on which rested 
the catalyst bed 8. The remainder of the reactor was 
filled with glass balls 9 and the upper end of the 
reactor was fitted with an exit tube 10 which led by 
way of a pressure let-down valve (not shown) to a 
condenser (not shown). 

The exit gas flow rate was measured downstream 
from the condenser using a wet gas meter (also not 
shown) . 

At start up a charge of 50 ml of a granulated 
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copper oxide/zinc oxid catalyst (65 vt% CuO:35 wt% 
ZnO) was placed in the reactor which was th n purged 
with nitrogen at 14.5 bar. A dilute H 2 in N 2 
gaseous mixture at 14.5 bar was passed over the 
5 catalyst for 24 hours in order to effect catalyst 

reduction. The sand bath was raised to a temperature 
Of 251°C. 

Ethanol was then introduced into the vaporiser 
at the rate indicated in Table I below. The 
10 condensate was analysed by gas chromatography using a 
1.82 metre long stainless steel column with an 
internal diameter of 3.18 mm containing 10% diethylene 
glycol succinate on Chromosorb PAW, a helium gas flow 
rate of 30 ml/minute and a flame ionisation detector. 
15 -The instrument was fitted with a chart recorder having 
a peak integrator and was calibrated using a mixture 
of ethanol. acetaldehyde, ethyl acetate and water of 
known composition- The exit gas was also sampled and 
analysed by gas chromatography using the same 
20 technique. The identity of the peaks was confirmed by 
comparison of the retention times observed with those 
of authentic specimens of the materials in question. 
The following compounds were detected in the reaction 
mixture : ethanol, acetaldehyde, ethyl acetate and 
2b - water. The results obtained are summarised in Table 
I. The heading "Liquid flow rate" refers to the 
ethanol flow rate to the vaporiser 2. 
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Examples 4 to 6 

Using a similar proc dure to that describ d in 
Example 1 three further runs were carried out, all at 
14.6 bar, using 50 ml of a different copper oxide/zinc 
oxide catalyst (35 wt% CuO:65 wt% ZnO) . -The results 
are listed in Table II. 
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Example 7 

Using the same catalyst as in Examples 4 to 6 
and a similar procedure to that used in Examples 1 to 
3, a solution of 2.5% w/v acetaldehyde in ethanol was 
used as liquid feed. At a liquid feed fate of 41.6 
ml/hr a temperature of 251'C. a pressure of 14.6 bar 
and a gas flow rate of 21.6 l/hr of 1.33% H 2 in 
N 2 , the observed conversion of ethanol was 37.8% 
with a selectivity of 91.4% to ethyl acetate. 
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In ord r that the invention may be cl arly 
una r.tood ana r adily crr^a into ffect two 
preferred processes „ accordance with the invention 
wall now be descried, by way of example only, with 
reference to Figures 2 and 3 of the accompanying 
drawings, each of which is a flow diagram of a p!ant 
desagned for the production of ethyl acetate from 
ethanol . 

art St* 11 ** appreClated bv those skilled in the 
art that Figures 2 and 3 are diagrammatic and that 
further xtems of equipment, such as temperature and 
Pressure sensors, pressure relxef valves, control 
valves, level controllers and the like would 
additionally be required xn a commercial plant. The 
provision of such ancillary items of equipment forms 
no part of the present invention and would be in 
accordance wxth conventional chemxcal engineering 

r^:::* r reover the various heat 

Fl9UreS 2 3 are «-ly one means of obtaining 

the necessary temperature levels and heat fluxes 
Other methods of effecting such heat exchange can of 
course be adopted xn practice wxthout departing from 
the scope of the present invention. 

Referring to Figure 2 of the drawings, ethanol 
» supplxed in line 101 to feed pump 102 and thence by 
way of !ine 103 to a vaporiser 104. This is neat J £ 
steam supplied in line 105. A minor amount of a 
refrigerated recycle stream containing ethanol and 
ethyl acetate, together wxth traces of xso-propanol 

and acetaldehyde, is also * P 

106> Y ' B alS ° fed to vaporxser 104 in line 


A vaporous stream, which consists 
predominantly of ethanol, passes overhead in line 107 
and xs admxxed with an azeotrope recycle stream in 
line 108. The combined stream then passes through 
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heat exchangers 109 and 110 and is admixed with 
hydrogen supplied from recycle compressor 111 in line 
112. 

The resulting vaporous mixture is supplied at 
a temperature of 273'C and at a pressure of 4.3 bar 
to reactor 113 which contains a charge of a catalyst 
which consists essentially of a reduced mixture of 
copper oxide and zinc oxide. The ethanol:H 2 molar 
ratio in this stream is approximately 300:1 and the 
0 liquid hourly space velocity is 0.35 hr" 1 . There 
exits from reactor 113 m line 114 a mixture 
containing hydrogen, ethyl acetate, unconverted 
ethanol, a small amount of iso-propanol, and minor 
amounts of carbon oxides, methane, ethane and 
Lb n-butanol. The ethanol -.ethyl acetate molar ratio is 

approximately 2.4:1. This corresponds to a conversion 
of pure ethanol of 47.4% at a selectivity to ethyl 
acetate of 93.4%. This stream gives up heat to the 
incoming feed in heat exchanger 109, is cooled further 
20 m heat exchanger 115 and is condensed in condenser 
116 against cooling water supplied in-line 117. 

The resulting condensate is separated from the 
gaseous components in Tcnoclc-out pot 118 and is pumped 
through line 119 by pump 120 through heat exchanger 
25 115 to product recovery column 121. This distillation 
column is heated by steam supplied in line 122 to its 
reboiler section and is operated at a pressure of 20.7 
bar. Ethyl acetate product is recovered in line 123 
whilst an approximately 20/80 mol/mol ethyl 
30 acetate/ethanol azeotrope is recovered overhead in 

line 124. Part of this is condensed in condenser 125 
against cooling water supplied m line 126 and is 
• recycled to the top of column 121 from condensate drum 
127 in line 128 by pump 129. The remainder passes 
35 overhead from condensate drum 127 into line 108 
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through pressure let-down valve 130. 

The overhead stream from knock-out pot 118 
contains an appreciable amount of ethanol, ethyl 
acetate and acetaldehyde and passes through a demister 
pad 131 ln to i ine 132 . A part of this overheaa 

16 fCd ln llne 133 to the inlet end of recycle 

ZTJIT^ 11 ' T ^^"^ " *° r — ration 

unit 134, the condensate from which v. 

wnicn xs fed by means of 
Pump 135 to lane 106. The gaseous components (mainly 
hydrogen together with minor amounts of carbon oxides, 
me th ane and ethane) are passed beyond battery l imi ts 
" llnS 135 f ° r USe - *»•! or for separation of H 2 
xn a suitable plant, for example a pressure swing 
•absorption unit, in order to produce pure hydrogen. 

Reference numeral 136 indicates the steam 
supply line for heat exchanger 110. 

In Figure 3 the same reference numerals have 
been used as in Figure 2 to indicate like parts. Up 
to the product separation section the plant of Figure 
3 is essentially the same as that of Figure 2. 

Lme 119 leads to an aldehyde separation 
column 140. Acetaldehyde appears in the overhead 
Product in line 141 and i. condensed in condenser 142 
against cooling water supplied in line 143. a gas 
Purge stream is taken in line 144 from aldehyde 
condensate drum 145. Part of the acetaldehyde 
condensate is returned to the top of column 140 in 
line 146, whilst the remainder is recycled in line 147 
by means of pump 148 for admixture with the ethanol 
feed. Part of the bottoms product from column 140 XB 
revaponsed in reboiler 149 by stea™ supplied m line 
150 and is returned to column 140 m line 151. The 
rest passes on in line 152 and then through throttle 
valve 153. m passage through valve 153 its pressure 
xs reduced to 1 bar. The stream in line 152 is heated 
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in vaporiser 154 by steam supplied in line 155 and the 
resultant vaporous mixture is fed to a low pressure 
ethanol/azeotrope column 156 which yields almost pure 
ethanol as bottoms product. A major part of this 

5 ethanol bottoms product is recycled in line 157 by 

pump 158 and is admixed with the ethanol feed from 
line 103. The remainder of the bottoms product is 
revaporised by passage through reboiler 159 which is 
heated by steam supplied m line 160. The resultant 

10 vapour stream is fed back to the bottom of column 156 

in line 161. 

The overhead product from column 156 in line 
162 is condensed in condenser 163 by means of cooling 
water supplied in line 164 and consists of a 53.8/46.2 
15 m ol ratio ethyl acetate/ethanol azeotrope. From the 
condensate drum 165 part is pumped back to the top of 
column 156 by pump 166, whilst the rest is fed in 
line 167 by pump 168, which raises its pressure again 
to 20.7 bar, to vaporiser 169; this is heated by steam 
20 supplied xn line 170. The resultant vapour is fed to 
a high pressure ethanol /ethyl acetate azeotrope column 
171. The top product of this column in line 172 is a 
20/80 mol ratio ethyl acetate/ethanol azeotrope which 
is condensed in condenser 173 against cooling water 
25 supplied in line 174. Part of the resulting 

condensate from condensate drum 175 is recycled by 
pump 176 to the top of column 171. The remainder is 
fed in line 177 to throttle valve 178, which allows 
its pressure to drop again to 1 bar, for recycle to 

30 column 156. 

The bottom product from column 171 is almost 
pure ethyl acetate -which is recovered in line 179 and 
is passed through throttle valve 180 to cooler 181, in 
which it is cooled against cooling water in line 182. 
35 a nd thence to storage. Reference numeral 183 
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C LAI MS 

1. A process for the production of a primary 

C 2+ alkyl ester of an alkyl carboxylic acid which 
5 comprises contacting a vaporous mixture containing a 
primary C 2+ alkanol and hydrogen, said primary 
C 2 + alkanol preferably containing from 2 to about 
8 carbon atoms, in an alkanol :hydrogen molar ratio of 
from about 1:10 to about 1000:1 at a combined partial 

10 pressure of alkanol and hydrogen of from about 0.1 bar 
up to about 40 bar and at a temperature in the range 
of from about 180°C to about 300°C in a catalytic 
reaction zone with a catalyst consisting essentially 
of a reduced mixture of copper oxide and zinc oxide, 

15 and recovering a reaction product mixture containing a 
primary C 2 + alkyl ester of an alkyl carboxylic 
acid, which ester contains twice as many carbon atoms 
as the primary C 2 + alkanol. 

20 2. A process according to claim 1, m which the 

primary C 2+ alkanol is ethanol and the ester is 
ethyl acetate. 

3. a process according to claim 1 or claim 2, in 
25 which'the temperature is at least about 200"C, and 

preferably lies in the range of from about 230 'C to 
about 280"C. 

4. A process according tc any one of claims 1 to 
30 3, in which the combined partial pressure of primary 

alkanol and hydrogen lies m the range of from about 1 
bar up to about 3 5 bar . 

5. a process according to any one of claims 1 to 
35 4, in which the catalyst consists essentially of a 
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reduc d mixture of copp r oxide and zinc oxide derived 
from a mixture comprising, before r duction, from 
about 10 to about 70 percent by weight CuO and about 
90 to about 30 percent by weight ZnO, and preferably 
comprising from about 20 to about 40 percent by weight 
CuO and from about 60 to 80 percent by weight ZnO. 

6. A process according to any one of claims 1 to 
4, m which the catalyst consists essentially of a 
reduced mixture of copper oxide and zinc oxide derived 
from a mixture comprising, before reduction, from 
about 65 to about 85 percent by weight CuO and about 
15 to about 35 percent by weight ZnO. 

7. A process according to any one of claims 1 to 

6, in which unreacted primary C 2+ alkanol is 
separated from at least the bulk of the product ester 
and is recycled to the catalytic reaction zone. 

8. A process according to any one of claims 1 to 

7, m wh:ch the reaction product mixture is distilled 
at elevated pressure, preferably at a pressure of from 
about 10 to about 40 bar, to yield an overhead product 
stream comprising an azeotrope of the primary C 2+ 
alkanol and said ester and a bottom product stream 
comprising predominantly said ester,., and in which 
material of said overhead product stream is preferably 
recycled for admixture with fresh primary C 2+ 
alkanol feed. 

9- A process according to claim 8, m which a 

hydrogen-containing purge stream is taken and is 
subjected to refrigeration for recovery of condensible 
components which are recycled f or admixture with fresh 
primary C 2+ alkanol feed. 
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10. A process according to any on of claims 1 to 

7, in which the reaction product mixtur is distilled 
in a plurality of stages, including a low pressure 
distillation stage at a pressure of not more than 
ahout 5 bar and a subsequent high pressure 
distillation stage at a pressure of from about 10 bar 
to about 40 bar, said low pressure distillation stage 
resulting in production of a bottom product which 
comprises predominantly primary C 2+ alXanol and an 
overhead product which is a first azeotrope of the 
primary C 2 + alkanol and a major molar amount of 
said ester, the first azeotrope being thereafter 
subjected to distillation in said high pressure 
distillation stage to produce a bottom product which 
15 comprises predominantly said ester and an overhead 

product which is a second azeotrope of a major molar 
amount of the primary C 2+ alkanol and said ester, 
and in which said second azeotrope is preferably 
recycled to said low pressure distillation stage. 


10 


20 


11. A process according to claim 10, in which the 

reaction product mixture is distilled essentially at 
reaction pressure, prior to said low pressure 
distillation stage, to remove alXanal by-product as an 
25 overhead product, and in which said alkanal by-product 
is preferably recycled for admixture with fresh 
primary C 2+ allcanol feed. 
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